The solid polymer electrolyte films consisting of polyacrylonitrile (PAN) as the host polymer, lithium triflate (LiCF 3 SO 3 ) and sodium triflate (NaCF 3 SO 3 ) as dopant salts were prepared by the solution cast technique. The pure PAN film was prepared as a reference. The films were characterized using a.c. impedance spectroscopy. At room temperature, the highest conductivity for the sample from the (PAN+LiCF 3 SO 3 ) system and the (PAN+NaCF 3 SO 3 ) system is 3.04 x 10 -4 Scm -1 and 7.13 x 10 -4 Scm -1 , respectively. The temperature dependence of ionic conductivity for the highest conducting film from both systems follows the Arrhenius equation in the temperature range of 303 K to 353 K. The frequency dependence of ionic conductivity, σ, complex permittivity, ε * , and complex electrical modulus, M * were studied at different temperatures. The ionic conductivity and the dielectric behavior are described in terms of ion diffusion and polarization.
Introduction
Solid polymer electrolytes (SPEs) formed by the dissolution of alkali metal salts in a polymer matrix have been proposed as a substitute for the liquid electrolyte in electrochemical devices such as batteries, fuel cells, sensors and electrochromic displays [1] [2] [3] [4] . The use of SPEs makes the fabrication of safe batteries with high energy density possible and allows the development of thin batteries with flexibility of design. Many research works [5] [6] [7] [8] have been conducted to obtain polymer electrolytes with high ionic conductivity and good mechanical properties as well as good electrochemical stabilities. The two important contributions to ionic conductivity are charge carrier concentration and ionic mobility. Research efforts have been focused on cation -anion interactions [9] and cation -polymer interactions [10] , which appear to play critical roles in the mechanism of ion transport. Both cation -anion and cation -polymer interactions presumably affect the ionic mobilities. Cation -anion interactions are expected to also perform a major role in determining the number of effective charge carriers. The study of dielectric relaxation phenomena in SPEs is a powerful approach for understanding of the ion transport behavior and obtaining the information about the characteristics of ionic and molecular interactions [11] . The ion transport property depends on various factors like the degree of salt dissociation and its concentration, dielectric constant of host polymer, degree of ion aggregation, and mobility of polymer chains [12] . The dielectric relaxation and frequency dependent conductivity are both sensitive to the motion of charged species of the polymer electrolytes. In the present work, the effects of salts with different cation on the ionic conductivity and the dielectric behavior of the PAN based polymer electrolytes will be discussed. The comparison between the (PAN+LiCF 3 SO 3 ) and (PAN+NaCF 3 SO 3 ) systems is made.
Methodology
Sample Preparation. Polyacrylonitrile (PAN), with molecular weight of 150,000 g/mol, lithium triflate (LiCF 3 SO 3 ), sodium triflate (NaCF 3 SO 3 ) and dimethylformamide (DMF) were obtained from Aldrich. The contents of the various films prepared are listed in Table 1 . PAN was dissolved in DMF and the mixture was stirred at 60 °C until the solution turned into clear and homogeneous. LiCF 3 SO 3 , and NaCF 3 SO 3 salts were added accordingly. The mixtures were continuously stirred for several hours. After complete dissolution, the solutions were cast in petri dishes and left to dry under vacuum at 50 °C for 48 hours until the films were formed. Then, the films were kept in the oven for 24 hours at 80 °C to remove the residual solvent. The DMF residue in the films estimated from thermogravimetric analysis (TGA) was less than 5wt%. The films were then kept in a desiccator for further drying until the impedance spectroscopy measurements were carried out. Impedance Spectroscopy. The complex impedance, ) (ω Z and phase angle, ) (ω θ were measured from 50 Hz to 1 MHz with a computer-interfaced HIOKI 3532-50 LCR bridge. The software controlling the measurement also calculates the real and imaginary impedance. From the plot of negative imaginary impedance versus real impedance with the horizontal and vertical axes having the same scale, the bulk resistance, R b of each sample was determined and hence the conductivity, σ of the samples was then calculated using:
where t is the sample thickness (cm), A the effective contact area of the electrode and the sample [cm 2 ], and R b is the bulk resistance [Ω]. The conductivity-temperature dependence studies were carried out in the temperature range from 303 K to 353 K. The relationships between complex impedance, admittance, permittivity and electrical modulus can be obtained from MacDonald in 1987 [13] . The equations for the dielectric constant, ε r , the dielectric loss, ε i , the real electrical modulus M r and the imaginary electrical modulus M i have been reported in our previous work [14] . Fig. 1 shows the complex impedance plot for the highest conducting film (S6 and S11) and the inset figure shows the film containing the lowest salt concentration (S2 and S8) for both systems of PANbased polymer electrolytes. R b of the sample is calculated from the impedance plot in the intercept of the higher frequency region on the Z r axis and used to calculate conductivity, σ from Eq.(1). The impedance plot for samples S2 and S8 exhibits semicircle at the high frequency region which is due to ion migration in the bulk of the electrolytes. In the complex impedance plot for samples S6 and Defect and Diffusion Forum Vols. 312-315 117 S11, it can be observed that the disappearance of the semicircle at high frequency region. This is due to the increment of the salt concentration and the total conductivity is mainly the result of ionic conduction [15] . Fig. 1 : The impedance plot for samples S6 and S11, and for samples S2 and S8 (inset). Table 2 lists the room temperature conductivity values for the prepared films. It can be seen that the conductivity of pure PAN film (S1) slightly increases when 4 wt% of salts i.e.LiCF 3 SO 3 (S2) and NaCF 3 SO 3 (S8) have been added. The highest room temperature conductivity value for sample containing LiCF 3 SO 3 is found to be 3.04 x 10 -4 Scm -1 with 26wt% LiCF 3 SO 3 content, sample S6. For sample contaning NaCF 3 SO 3 salt, the conductivity is abruptly increases when 12 wt% NaCF 3 SO 3 was added. The highest room temperature conductivity was achieved at 24wt% NaCF 3 SO 3 content and its value is found to be 7.13 x 10 -4 Scm -1 . From Table 2 , it can be observed that when 24wt% of NaCF 3 SO 3 was added, the conductivity of the film (S11) is higher by almost one magnitude order than that containing 24wt% of LiCF 3 SO 3 (S5). This result is due to the interaction between the Li + ion and nitrogen atom of PAN being stronger than that of Na + ion in polymer electrolytes [16] [17] [18] . The conductivity of ion conducting polymer electroytes can be described by the relationship:
Results and Discussion
where µ, n, and q representing the mobility of charge carrier, charge carrier concentration and the charge of mobile carrier, respectively. 1.39 x 10 -9 S10 9.35 x 10 -5 S11 7.13 x 10 -4 S12
3.99 x 10 -4 S13
3.90 x 10 -4 The increase in the conductivity with increasing salt concentration can be related to the increase in the number of mobile charge in the polymer electrolytes. The decrease in conductivity at a higher salt concentration is probably due to the formation of ion clusters and a decreasing number of mobile charge carriers, hence the mobility [19] . Fig. 2 represents the variation in conductivity with frequency for the prepared films. As can be seen, the bulk conductivity is very low at low frequencies, < 100 Hz, which is due to the accumulation of mobile ions at electrode-electrolyte interface. Hence there are fewer mobile ions in the bulk polymer electrolyte films that contribute to conductivity. The conductivity-temperature dependence measurements were carried out to analyze the mechanism of ionic conduction in polymer electroytes. The variation of conductivity with the reciprocal temperature for samples S6 and S11 is shown in Fig. 3(a) and 3(b) , respectively. The linear plots of log σ versus 1000/T suggests an Arrhenius-type thermally activated process, which can be expressed by:
where σ o is the conductivity pre-exponential factor and E a is the activation energy for conduction [20] . The increase in conductivity with temperature can be interpreted as a hopping mechanism between coordinating sites, local structural relaxations and segmental motions of the polymer electrolytes. As the temperature increases, the polymer chain needs faster internal modes in which segmental motion can be produced. This result favours hopping inter and intra chain ion movements and increases the conductivity of polymer electrolytes [21] . The activation energy, E a , can be evaluated from the slope of the plots [22] . The E a for samples S11 and S6 have been calculated to be 0.23 eV and 0.28 eV, respectively. It can be observed that sample S11 has a higher ionic conductivity and lower activation energy compared to sample S6. The interaction between Li + -ion and the nitrogen atom of PAN is stronger than that of Na + -ion, thus Li + -ion transfer requires a higher activation energy than the Na + -ion in polymer electrolytes. Similar results have been reported by by Sagane et al. and Abe et al. [16] [17] [18] . Fig. 4 shows the variation of dielectric constant, ε r , as a function of log f for samples S6 and S11 (inset) at different temperatures. It can be observed that at low frequencies, the ε r is high due to the accumulation of the charge carriers at the interface of electrode-electrolyte. At higher frequencies, the ε r decreases due to the high periodic reversal of the applied field, the polarization which is due to the charge accumulation, decreases thus leading to the decrease in the value of dielectric constant. This result is supported by the σ-log f plot, Fig. 2 . Fig. 5 shows the variation of dielectric loss, ε i with temperature for sample S6 and S11 (inset). The relationship between the conductivity and the dielectric loss factor can be expressed by:
where ω and ε o is the angular frequency and permittivity of free space, respectively. Since σ is dependent on temperature, ε i also is dependent on temperature and hence ε i increases as the temperature increases.
The dielectric behavior caused by ion relaxation has been investigated using the electrical modulus. Fig. 6 and 7 show the real, M r and imaginary, M i of the electrical modulus as a function of log f for sample S6 and S11 at different temperatures, respectively. In Fig. 6 , the curve peaks are observed at 
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higher frequencies which may be attributed to the bulk relaxation [23] . The long tail is observed in the M i -log f plot for the frequency range between 50 Hz and ~ 10 kHz. This may be due to the large capacitance associated with the electrode at lower frequencies.
Conclusions
Polymer electrolyte films based on PAN containing LiCF 3 SO 3 and NaCF 3 SO 3 have been prepared by the solution casting technique for various compositions. The PAN film containing 24 wt% NaCF 3 SO 3 has a higher ionic conductivity and lower activation energy compared to the PAN film containing the same amount of LiCF 3 SO 3 . This indicates the interaction between Li + -ion and the nitrogen atom of PAN is stronger than that of Na + -ion. The plots of conductivity-temperature dependence follow the Arrhenius equation in the temperature range of 303 to 353 K. The frequency dependent dielectric constant has shown the presence of electrode polarization phenomena at the low frequency region. The variation of electrical modulus with frequency revealed that the bulk relaxation may occur at higher frequencies.
